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ABSTRACT ..___., _

Processing of data taken with the U.S. Geological Survey's coal- 
seismic system is done with a desktop, stand-alone computer. Programs 
for this computer are written in the extended BASIC language utilized by 
the Tektronix 4051 Graphic System. This report presents computer pro- 
rams used to develop rms velocity functions and apply mute and normal 
moveout to a 12-trace seismogram.

INTRODUCTION

The purpose of this report is to present computer programs used to 
develop rms (root-mean-square) velocity functions and apply mute and 
normal moveout (NMO) to a 12-trace seismic record. These data processing 
procedures are well known in the seismic data processing industry, and 
the topics are discussed in most elementary = exploration geophysics 
texts. The computer programs of this report were developed as part of 
the U.S. Geological Survey's coal-seismic system. All computer programs 
were written in an extended BASIC language developed by Tektronix, Inc. 
for use with their 4051 Graphic System. The programs require four pieces 
of Tektronix equipment: a 4051 Graphic System with a 32K-byte memory, a 
4924 digital cartridge tape drive, a 4631 Hard Copy unit, and a Data 
Processing ROM. In addition, a special ROM (discussed in the last sec­ 
tion of this report) is used.

All programs are self-prompting. In tracing through a sample 
problem you will notice that the programs print requests and questions 
followed by a flashing question mark. The computer then waits for you 
to enter a response from the keyboard. Replies entered in order to run 
the sample problems are enclosed in boxes on the figures of this report.

RMS VELOCITY FUNCTIONS

The rms velocity functions developed by the first program of this 
report are used primarily in the computation and removal of normal 
moveout, the third program of this report. Rather than being mathemati­ 
cal expressions in closed form, the velocity functions produced by the 
program are sets of rms velocites matched to sets of reflection times. 
Velocities used in the development of the functions are obtained from a 
discrete-layer model, a downhole velocity survey, or a set of X-square/ 
T-square analyses. Examples illustrating the use of the program to 
develop rms velocity functions from these three sources follow.

The first two blocks shown on the screen displays are the same for 
all three sample problems. After you enter the date on which the compu­ 
tations were made, you are requested: "ENTER RECORD AND SAMPLE INTERVAL 
INFORMATION". Here you are to supply the record's beginning, end, and 
sample-interval time. In sample problem 1, these times are 200, 450, 
and 2 millisec (msec), respectively. Next you are prompted: "SELECT 
VELOCITY FUNCTION SOURCE". The selection is made by entering a number 
from the list.

Using velocities from a discrete-layer model Sample Problem 1:

Figure 1 shows the screen display and the type of information
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COHPUTE AND STORE RMS VELOCITY FUNCTION 
Computation date <9 char*nax): [04 FEB 831

ENTER RECORD AND SAMPLE INTERVAL INFORMATION 
Tine at start of computation 

Tine at end of computation 
Sanple int. for conputation __ 

No of points in vel. function » 126

SELECT VELOCITY FUNCTION SOURCE
1. Uelocity fron discrete-layer wodel
2. Velocity fron dounhole velocity survey
3. Uelocity fron set of XT2-Tt2 analyses 

ENTER SELECTION FROM ABOUE LISTj NUMBER * ffl

ENTER MODEL PARAMETERS
Model designation(18 charjwax): MODEL: TEST 

Ha Fiber of layers in Model «iTl 
VALUES TO BASE OF LAYER

LAYER
1
2
3
4

REFL TIME INT MEL
160 
248 
388 
428

0.25 
8.4 
8.6 
8.5

RMS VEL 
9.258 
8.388 . 
8.439 
8.445

Interval velocity beneath layer 5 ; 
5 459 1 8.582

DO YOU UANT TO PLOT VELOCITY FUNCTION? <Y OR N> J7j

Figure 1. Copy of screen display for sample problem 1.

entered (enclosed in boxes) in order to compute a rms velocity function 
from a set of discrete layers of constant interval velocity. After the 
interval velocity and reflection time to the base of each layer are 
entered, the program uses the well-known equation (for example, see 
Telford and others, 1976, equation 4.4.1b, p. 271) to compute the rms 
velocity. If the time at the end of computation (450 msec in this 
example) is greater than the reflection time to the base of the last 
layer (4.20 msec), you are prompted to supply an interval velocity (in 
the example, 1 km/sec) for a layer beneath the last layer of the model.

Upon electing to plot the velocity function (last line on fig. 1), 
you are requested to enter plot ranges and tickmark intervals after 
which a plot is made, such as that shown on figure 2.



SET PLOT LIMITS
Hininun rns velocity
Hoximin rns velocity

Nin plot rns velocity
Hax plot rns velocity
rns vel ticknark int.

Minimin-reflection tine
Maxinun reflection tine
Rcfl tine ticknark int.

RHS UELOCITY FUNCTION USING DISCRETE-LAYER DATAMODEL: TEST HO OF LAYERS -4 si * 2 msec
DATA COUP:94 FEB 83 

HO OF UALUES * 126

9.6

8.5

8.4

0.3

8.2
288 258 308 338 

REFLECTION TIME
488 459

Figure 2. Copy of screen display showing plot limits and plot 
velocity function for the four-layer model of sample problem 1.

of

If you elect to store the time-velocity data, the screen display 
of figure J> is produced. To verify that the data have been stored, the 
program first erases the data from memory and then reads them back into 
memory from the tape.



DO YOU WANT TO STORE VELOCITY FUNCTION? <Y OR N) 

INSERT NDT IN 4924 FILE NO

ARE YOU REAOY TO PROCEED? <Y OR N> |Y] 

LENGTH OF FILE REQUIRED * 2629 

IS FILE OF SUFFICIENT LENGTH? <Y OR H)|¥] 

INSERT HOT IN 4851

ARE YOU READY TO PROCEED? <Y OR N) \T\ 

RE-INSERT MDT IN 4924 

ARE YOU READY TO PROCEED? <Y OR N>[7] 

DATA STORED AND READABLE IN FILE S3 

PROGRAM COMPLETED 

. Figure 3. Copy of screen display for storing data.

Velocities from a downhole survey Sample Problem 2:

Figure 4- shows the screen display and the information entered in 
order to compute a rms velocity function using rms velocities obtained 
from a downhole survey. After entering information about the survey, 
you are next prompted to enter one-way times and rms velocities as 
obtained in the survey. For the sample problem , the last survey obser­ 
vation was at a one-way time of 92.^8 msec. Because the reflection time 
at the end of computation was selected to be 200 msec, a one-way time of 
100, you are asked if you want to enter an estimated rms velocity at the 
one-way time of 100 msec. If you answer with an N then the program will 
assume that the last rms velocity entered (1.71 km/s) exists over the 
interval from 92.^8 to 100 msec.

Figure 5 is a copy of the screen display of the plotted velocity 
function for sample problem 2.

Velocities from X-square/T-square analyses Sample Problem 3*

If velocity had been determined from a set of X-square/T-square 
analyses, then you would enter a 3 in response to the selection prompt, 
and a screen display similar to that of figure 6 would be produced. In 
this example, data from three analyses have been entered. Note that you 
are asked to supply bounding rms velocities in this case, 0.2 and 0.8 
km/sec at the start and end times of 50 and 450 msec respectively. 
After electing to make a plot of the velocity function and upon entering 
the plot limits as shown on the top of figure 7 , the plot shown on 
lower part of the figure will be produced. Storage of these results 
proceeds as previously described.



COMPUTE AND STORE RMS UELOCITY FUNCTION

ENTER RECORD AND SAMPLE INTERUAL INFORMATION
Tine at start of computation

Tine at end of conputation
Sanple int. for conputation

No of points in vcl. function :4
200

6T

SELECT UELOCITY FUNCTION SOURCE
1. Uelocity fron discrete-layer nodel
2. Velocity fron dounhole velocity survey
3. Uelocity fron set of Xt2-Tt2 analyses 

ENTER SELECTION FROM ABOUE LIST; NUMBER   [£

EHTER INFORMATION AND DATA FROM A DOHNHOLE SURUEY
Survey area (10 char»nax>

Hole designation <7 char»nax)
Data date <12 char*nax)

MATKINSyCO
79-i01A
11 FEB 1980

INPUT 1-WAY TIMES ANTL&MS VELOCITIES 
No of observations
OBSERU NO

1
2
3
4
5
6 
?
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

1- HAY TIME RHS UEL
27.67
34.87
41.57
44.78
47.19
49.48
52.01
54.30
56.37
58.42
60.36
62.30
64.32
65.65
67.17
68.78
70.50
72.21
73.72
75.23
76.84
79.24
81.35
83.25
84.96
86.36
87.77
89.07
90.28
91.38
92.48

.36

.41

.44

.54

.65

.74

.88

.86

.92

.98
1.03
1.08
1.12
1.18
1.24
1.28
1.32
1.35
1.39
1.42
1.45
1.46
1.47
1.49
1.51
1.54
1.57
1.61
1.64
1.68
1.71

DO YOU WANT TO ESTIMATE RMS UEL AT LAST TIME ON RECORD? <Y OR N)|T 
EstiHated rns vel at 1-vay tine of 100 « 1.80

DO YOU WANT TO PLOT UELOCITY FUNCTION? (Y OR N> 171

Figure 4. Copy of screen display showing entries for sample problem 2,



RHS UELOCITY FUNCTION USING DOUNHOLE SURVEY DATA DATA COUP:29-JAN-83AREA: MATKINS.CO HOLE: ?9-i8iA DATA DATE: 11 FEB 1988 si-i
1.9

1.7

us
R 
H 
3 1.3

' >
0c
I 9.9 

Y 
8.7

8.5

9.3
80 180 120 140 

REFLECTION TIME
168 180 288

Figure 5. Copy of screen display showing results for sample problem 2.

COMPUTE AND STORE RMS UELOCITY FUNCTION

ENTER RECORD AND SAMPLE INTERUAL INFORMATION 
Tine at start of computation »

Tine at end of conputation
Sanple int. for conputation

No of points in vel. function

SELECT UELOCITY FUNCTION SOURCE
1. Velocity fron discrete-layer node!
2. Uelocity fron dounholc velocity survey
3. Uelocity fron set of Xt2-Tt2 analyses 

ENTER SELECTION FROM ABOUE LIST; NUMBER »[T[

ENTER INFORMATION AND DATA FROM Xt2-Tt2 ANALYSES
Survey area (19 char>nax>

SP designation <7 char»nax)
Data date <12 char,nax>

1234567898
1234567
123456789812

Nunber of Xt2-Tt2 analyses »[3J 

COINCIDENT-RAY TIME XT2-TT2 UEL

Est. rns vel at start tine of 58   
Est. rns vel at end tine of 458 1.8

DO YOU WANT TO PLOT VELOCITY FUNCTION? <Y OR N> 5]

Figure 6. Copy of screen display showing entries for sample problem 3<



SET PLOT LIMITS
Nininun rns velocity
Maxinun rns velocity
Nin plot rns velocity
Max plot rns velocity
rns vcl ticknark int.

Nininun reflection tine
Haxinun reflection tine
Reft tine ticknark int.

9.29

9.1 
9.9 
9.1

39

RHS VELOCITY FUNCTION USING Xt2-Tt2 DATA DATA COMP:29-JAN-93
AREA: 1234367999 SP: 1234557 DATA DATE: 123496799912 si«2 Pis-281

9.9

9.9

9.7
R 
N 
S 9.6

0cI ..«
Y

9.3

9.2

9.1
99 199 139 299 239 399

REFLECTION TIME
339 499 439

Figure 7. Copy of screen display showing results of sample problem 3.

MUTE AND NORMAL MOVEOUT

The function of the mute program is to suppress high amplitude 
events associated with the first arrivals; the purpose of the normal 
moveout programs is to remove normal moveout (NMO) from the reflected 
arrivals. Both procedures are standard in seismic data processing, 
(Telford and others, 1976, mute: p. 392, NMO: p. 263). In the sections 
which follow, sample problems are given to illustrate the use of the 
muting function and the removal of NMO using both constant and variable 
velocity functions.

Muting is accomplished in the programs of this report by use of a



cosine taper (a multiplier in the form of an inverted, shifted, half- 
period cosine ranging from 0 to 1) whose length and start time are 
entered from the keyboard. For a selected spread segment (traces 1 and 
12 on a single-ended spread, for example), you are asked to enter the 
beginning time of the mute for only the first and last traces. Using a 
linear interpolation, the program then computes mute start times for the 
interior traces. You are also offered the option of selecting mute- 
start times individually for each trace. All trace amplitudes prior to 
the start of the mute are forced to zero.

In shallow-reflection studies, the selection of the start and 
duration times of the mute function must be done carefully. The 
objective of the mute is to decrease the amplitude of the first-arrival 
wave train without seriously diminishing the amplitude of the shallow 
reflections, a task easier to state than to accomplish. Because NMO 
removal is a time consuming operation, it is suggested that you set the 
"end NMO time" to a shortened value during the search for an acceptable 
mute function. If you are interested only in removing normal moveout 
within a time window bracketing deeper arrivals, then the mute function 
need not be applied.

Application od muting to NMO-corrected record Sample Problem 4:

The record for this example is from a wave test conducted in an 
area in which shallow shear-wave reflections appear to exist. Velocity 
from a set of X-square/T-square analyses is 0.21 km/sec. Figure 8 is a

CONSTANT VELOCITY NHO CORRECTION OF 12-TRACE RECORD 

INSERT NMO HOT IN 4851 AND OBS-OATA MOT IN 4924

Nanc at NMO MDT 
Rect on NHO MDT
Nanc of OBS MOT 
Rcci on OBS MDT

00 YOU WANT TO APPLY MUTE? <Y OR H)

OBS HOT S.I. 
NMO HOT S.I. 

OBS HOT delay 
Constant vcl

SPREAD TYPES
1. Single-ended with equally spaced detectors
2. Split with equally spaced detectors
3. Spread with unequally spaced detectors 

ENTER SELECTION FROM A80UE LIST! NUMBER »[jj

FOR THE SINGLE-ENDED SPREAD WITH EQUALLY SPACED DETECTORS: 
Trace 1 offset »

Tr. 1 nutc start
Trace 12 offset *

Tr.12 mite start *
Cos-taper tine  

29
36
198
59

FOR NHO-CORRECTED_RE_CORD: 
Start NHO tine 

End NHO tine

PROGRAM COMPLETED

Figure 8. Copy of screen display showing entries to produce the 
record for sample problem 4.

muted



copy of the screen display produced by the constant-velocity NMO pro­ 
gram. Enclosed in boxes is the information entered in order to produce 
a muted and NMO-corrected record that ranges in time from 0 to 250 msec.

Displayed on figure 9 is the O-to-250 msec record segment without

Figure 9- Copy of screen displays showing (upper) record before 
processing, (middle) record without muting but with NMO applied, 
and (lower) record with both muting and NMO applied.



any processing (upper), the record segment without mute but with removal 
of NMO using a constant rms velocity of 0.21 km/sec (middle), and the 
record (lower) after application of mute using the parameters as entered 
in figure 8 and after removal of the constant-velocity NMO. Neither 
static correction nor filtering has been applied to these records. On 
the unprocessed record, the offset (0/S) in meters from the source point 
to the detector of each trace is listing in the left column; the posi­ 
tion number (PN) of each detector is listing in the right column.

Construction of constant velocity panels Sample Problem 5?

In this example, the constant-velocity NMO program is used to 
construct a set of constant-velocity panels at velocities of 0.6, 0.8, 
and 1.0 km/sec. Figure 10 shows the screen display used to enter data 
for the unmuted 50-to-250-msec panel at a constant velocity of 0.6 
km/sec. Note, as the prompts on figure 8 indicate, that two master data 
tapes are required when correcting for NMO: one containing the observed 
data, and one to store the NMO-corrected results. In this example, no 
muting has been applied.

CONSTANT UELOCITY NflO CORRECTION OF 12-TRACE RECORD 

INSERT NMQ MOT IN 4951 AND OBS-DATA MDT IN 4924

Nane of NMO MDT 
Rec* on NMO «DT 
None of DBS MDT 
Rec* on OBS MDT =

DO YOU WANT TO APPLY MUTE? <Y OR H)[M.

OBS MDT S.I. 
NMO MDT S.I. 

OBS MDT delay 
Constant vet

SPREAD TYPES
1. Single-ended with equally spaced detectors
2. Split uith equally spaced detectors
3. Spread uith unequally spaced detectors 

ENTER SELECTION FROM ABOUE LIST; NUMBER *Tj

FOR TNE SINGLE-ENDED_JPREAD WITN EQUALLY SPACED DETECTORS: 
Trace 1 offset 
Trace 12 offset

FOR NHO-CORRECTED RECORD! 
Start MMO tine *fW~

End NMO tine «i259 
PROGRAM COMPLETED

Figure 10. Copy of screen display showing entries for 0.6 km/sec panel,

10



Velocity-panel record segments from 50 to 250 msec with NMO removed 
at rms velocities of 0.6, 0.8, and 1.0 km/sec are displayed on figure 
11. The record segment without NMO correction is shown for comparison.

Figure 11. Velocity panels from 50 to 250 msec at velocites in km/sec 
of 0.6 (upper right), 0.8 (lower left), and 1.0 (lower right). The 
record segment in the upper-left block is without NMO correction.
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Full record with mute and NMO applied Sample Problem 6:

In this example, the constant-velocity NMO program was used to 
construct a NMO-corrected record (500 msec) using a velocity of 0.7 
km/sec and a 30-msec cosine mute. Muting began on trace 1 at a time of 
33 and ended on trace 12 at a time of 47 msec. Figure 12 shows the 
data-entry screen display to produce the muted and NMO-corrected record 
shown on the lower half of figure 13*

CONSTANT UELOCITY NMO CORRECTION OF 12-TRACE RECORD 

INSERT NHO NOT IN 4951 AND DBS-DATA MOT IN 4924

Nanc of NMO MOT 
Reef on NMO MOT 
None of 08S MOT 
Reci on 08S MOT

NM6UT 
18
AR2UT 
6___

00 YOU HANT TO APPLY MUTE? <Y OR N)|Y

08S MOT S.I. 
NMO MOT S.I. 

OBS MOT delay 
Constant vel

SPREAD TYPES
1. Single-ended with equally spaced detectors
2. Split with equally spaced detectors
3. Spread with unequally spaced detectors 

ENTER SELECTION FROM ABOUE LIST; NUMBER »m

FOR THE SINGLE-ENDED SPREAD WITH EQUALLY SPACED DETECTORS: 
Trace 1 offset 

Tr. 1 wute start 
Trace 12 offset 

Tr.12 mite start 
Cos-taper tine

33
69
47
39

FOR NMO-CORRECTED RECORD: 
Start NMO tine 

End NMO tine 
PROGRAM COMPLETED

Figure 12. Copy of screen display showing entries for sample problem 6.

Shown on figure 13 are the full records without NMO correction and 
with normal moveout removed at a constant velocity of 0.7 km/sec. It 
appears from inspection of the NMO-corrected record that the use of a 
constant velocity over the entire record may not always be satisfactory.
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I334M3I Tr«c« t t»w* 12| UK* C an NOT M2UT »l-l MMC * > *» 
0'* 3«.( 199.t 199.9 299.9 299.9 3M.i 331.  4M.I 49t.«

1394M31 NHO HOT: MMUT/H, 099 HOT: M2UT/C, SI-1,
HUTE: 39 nscc eosin*. UEL FUHCTION: CONSTANT MELOCITY   0.7 kn/««ese. e lee.a iso.a 200.a 259.9 301.9 331.9 4ei.o 43i. 

Figure 13- Record 6 on master data tapes AR2UT without NMO (upper) and 
with a constant 0.7 km/sec NMO velocity and 30-msec cosine mute 
applied (lower).
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NMO correction using a velocity function Sample Problem.,7s..   

The velocity-function NMO program is illustrated in this last 
example. Velocities of 1.0 and 0.8 km/sec centered at reflection times 
of 100 and 200 msec respectively were entered into the X-square/ T-­ 
square velocity function program, much as was done in sample problem 3- 
A start-time velocity of 1.5 and an end-time velocity of 0.6 km/sec were 
estimated. Start time of computation was 0, end time was 500, and sample 
interval was 1 msec.

Figure H is a copy of the screen display showing the information

VELOCITY-FUNCTION NMO CORRECTION OF 12-TRACE RECORD 

INSERT UEL-FUNCTION HOT IM 4924 FILE MO  

VELOCITY FUNCTION USING Xt2-Tt2 DATA
UFRNAL, UT UT2,U/E IS MAY 1982
FUNCTION BEGINS AT T»0 AND ENDS AT 308 WITH A SI

INSERT NHO HOT IN 
Nan« of NMO NOT 
Rccw on NMu HOT 
None of OBS MOT 
Rcct on OBS MDT 
DO YOU WANT TO A

OBS HOT S.I. 
OBS HOT delay

4031 A
HM6UT

AR2UT
6

ND OBS-DATA MDT IN 4924

PLY BUTE? <Y OR N>[Y]

8.5 
8

SPREAD TYPES
1. Single-endedf equally spaced detectors
2. Split* equally spaced detectors
3. Spread with unequally spaced detectors 

ENTER SELECTION FROM A80UE LIST; NUMBER «{T]

FOR THE SINGLE-ENDED SPREADi 
Trace 1 offset *

Tr. 1 «ute start
Trace 12 offset

Tr.12 nute start
Cos-taper tine

33
69
47
12SJ

FOR MMO-CORRECTED RECORD: 
Start NMO tine ^

End NMO tine » 519
PROGRAM COMPLETED

Figure H- Copy of screen display showing entries for sample problem 7.

entered in order to compute velocity-function NMO correction of the 
record stored as record 6 on master data tape AR2UT. The NMO-corrected 
record was stored as record 8 on master data tape NM6UT. Because of the 
computer's limited memory, a maximum of only 501 velocity-function 
values, 1001 seismic-trace values, and 130 cosine-taper values are 
permitted. Also because of the small capacity of the computer, NMO 
correction is made and stored trace-by-trace and some calculations that 
should be made outside of a loop are forced to be made within a loop. 
If this program is to be. used on a larger-memory machine, then the 
program should be modififed to make it run more efficiently.

Shown on figure 15 is a plot of the velocity function (upper) and a 
display of the record (lower) after velocity-function NMO correction.



MS UCLOCITY FUNCTION USINC Xt2-Tt2 DATA DATA COHf.99 «  93
MCA: UCRMAL, UT »: ura.u/t MTA Mrt: is NAY 15*2 si-i PTS-WI

t.s

t.4

 1.1

 .9 

0.0 

0.7 

9.6 

9.9
130205 23150"0 

REFLECTION TIME
3Si 4M

1394M31 MHO NOT: NNCUT/9. 09S NOT: AMUT/Cf $! !, Aw»I-»l 
MUTE: 38 M«C count, UEL FUNCTION: Xt2-Tt2 DATA

38.9 100.a 1S0.8 200.8 ^30.8 300.8 390.0 400.0 490.0

Figure ^5  Copy of screen displays showing the plot of the rms velo­ 
city function (upper) used in making the velocity-function-NMO 
corrected record shown on the bottom half of the figure.
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COMMENTS ON AND LISTINGS OF THE PROGRAMS

In order to put the programs of this report to work, you must know 
how to perform the following operations:

1. transcribe the programs into the computer,
2. store the programs on magnetic tape,
3. retreive the programs from magnetic tape,
4.. enter information from the keyboard, and
5. copy the screen display. 

These tasks are well documented in the computer's operator's manuals.

Four control characters (ones requiring the holding down of the 
control key as the letter is entered) are used in the programs: G (ring 
bell), K (move cursor up one line), L (erase screen and move cursor to 
the HOME position), and the RUB OUT (move cursor to the left margin and 
down one line). In the printed listing these control characters are 
shown as G_, K_, L_, and _, respectively.

To achieve maximum data packing on master data tapes, all record 
data are stored as three-byte hexadecimal values. A specially designed 
ROM is used to convert MDT (master-data-tape) data from hexadecimal to 
digital values and later to convert digital values to hexadecimal prior 
to storing them on a master data tape. The occurrences of these ROMs 
can be recognized in the programs by the statements of the form: CALL 
"HEXDEC",B$,V,LEN (B$),3 (where B$ is the string variable containing 
data in hexadecimal and V is the array containing the data in decimal), 
and CALL "DECHEX",B$,V,1001,3 (where 1001 is the size of the V array). 
ROMs also are used to speed the finding of the minimum and maximum 
values of a function recognizeable in the program listings by state­ 
ments of the form: CALL "MIN",V,R1,11 and CALL "MAX" ,V,R2,I2G and to 
plot a function identifiable by a statement of the form: CALL "DISP",V. 
All of the above operations can be performed by BASIC programs; however, 
it is considerably faster to employ ROMs.

REFERENCE

Telford, W. M., Geldart, L. P., Sheriff, R. E., and Keys, D. A., 1976, 
Applied geophysics: New York, Cambridge University Press, 860 p.
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PROGRAM LISTING FOR GENERATION OF RMS VELOCITY FUNCTIONS

100 PRINT "I_COMPUTE RND STORE RMS VELQCITV FUNCTION"
110 INIT
128 DIM fl*<12>, 8*<11>, DS<13>> G^l), I*<9>, S*<2>» U»O>/Xl<12>
12© PRINT "Computation date <3 char, max>: ";
149 INPUT 8$
150 PRINT "-.ENTER RECORD flNO SfiMPLE INTERVflL INFORMflTION"
160 PRINT " Tim* at start of computation » %  
173 INPUT Tl '
139 PRINT " Tim* at end of computation » ";
130 INPUT T2
200 PRINT " Sample int. for computation » ";
210 INPUT SI
220 N»XNT«T2-T1VS1+1>
220 PRINT "No of Points in vel. function » ";N
240 DIM T<N>, V<N>
250 T<1>-T1
260 T<N>-T2
270 T4-T1
2S0 FOR ,T-2 TO N-l
230 T4-T4+S1
200 T1CJ5-T4
210 NEXT J
220 PRINT !! _SELECT VELCCITV FUNCTION SOURCE"
220 PRINT " 1. Velocity from discrete-laser model"
240 PRINT " 2. Velocity from downhole velocity survey"
250 PRINT " 2. Velocity from set of Xt2-Tt2 analyses"
260 PRINT "ENTER SELECTION FROM flBOVE LIST; ^NUMBER » ";
270 INPUT N0
230 GO TO N0 OF 230, 420^- 470
290 VS»"DISCRETE-LflVER DflTfl"
400 Q=l
410 QOSUB 690
420 GO TO 500
420 V*»"DOWNHOLE SURVEV DflTfl"
440 Q=2
450 GOSUB 1260
460 GO TO 500
470 VSa"Xt2-TT2 DflTfl"
480 Q»2
490 GOSUB 1370
500 PRINT "_DO VOU WflNT TO PLOT VELOCITY FUNCTION? <V OR N>
510 INPUT G*
520 IF G*»"N" THEN 560
520 REM ** PLOT VELOCITY FUNCTION
540 GOSUB 620
550 GOSUB 2500
560 PRINT "_DO VOU WflNT TO STORE VELOCITY FUNCTION? <Y OR N)
570 INPUT. G* '
5S0 IF G*="N" THEN 610
5?0 REM ** STORE VELOCITY FUNCTION
630 GOSUB 2240
610 PRINT "G_G_G__PR06R3M COMPLETED"
620 END
620 PEM ** SUB: DEFflULT DISPLflV flND MOVE TO PflGE BOTTOM
640 WINDOW 0, 120, 8, 100
650 VIEWPORT 0> 120, 0> 100
660 MOVE 0/0
670 PRINT
630 RETURN
6?0 REM ** SUB: COMPUTE RMS VELOCITIES FROM MODEL
700 PRINT "_ENTER MODEL PflRflMETERS"
710 PRINT "Model desisnation<19 char, maxO : ";
720 INPUT flS
723 USs»e*
740 IS»"SI ="
750 S*=STR<.Si;-
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.760 I
770 PRINT " Number of layers %n model 
730 INPUT Nl 
790 D*»"NO OF LflVERS  " 
300 S*=STR<N1> 
310 D*=DS*S* 
320 N2=N1+1 
310 DIM 
340 T0<1>»0 
350 81*0 
360 Cl=0
379 PRINT " VflLUES TO BflSE OF LflVER" 
330 PRINT "LflVER REFL TIME INT VEL RMS VEL" 
390 IMfiGE "K_ - "> D. 2D 
300 FOR J=2 TO N2 
310 PRINT " "; J-l; " "; 
320 INPUT T0<J> .
920 PRINT "K_ "i 
340 INPUT V0<J-1> - . 
950 82*<T0<J>-T0<J-l»/2' 
3<S0 81=81+62
370 C1»C1+V0<J-1,>"*«V0<J 1,^*82 
380 C3<J-1>»C1 
390 VlaSQR<Cl/81> 
1S00 PRINT USING 3SS:V1 
1018.NEXT J
1920 IF T0<:J-1?>T2 THEN 1110 "
1Q30 PRINT "_Interval velocity beneath layer 'VJ-1; 
1040 INPUT V0<N2> 
lv350 B2-<T2-T8<J-l»/2 
1060 B1-81+B2
1970 C1=C1+V0<N2^*V8<N2>'*«82 
1930 V1»SQR<C1/81>
1090 PRINT " "; J-l; " ' . "; T2; * "; V0<N2> 
1100 PRINT USING 390:VI
1110 REM ** DETERMINE RMS VELOCITY FUNCTION 
1120 FOR'J"! TO N 
1120 IF Tc;j)>T0C2) THEN 1160 
1140 VCJ>=V0<i:.' 
1150 60 TO 1220 
1160 FOR L=l TO Nl-1
1170 IF T''J»T0<L>1> FIND T<JX=T0<L-»-2> THEN 1190 
1130 NEXT L 
1190 Bl»0. 5*<iT<J 
1200 82=0. 5*T--'J? 
1210 C
1220 V < J '> -SQR < C2/B2 > 
1220 NEXT J
1240 DELETE Bl, 82, Cl, C2, C3 
1250 RETURN
1260 REM ** SUBc COMPUTE VELOCITIES FROM DOWNHOLE-SURVEV RESULTS 
1270 PRINT "_ENTER INFORMATION flND DflTfl FROM fl DOUNHOLE SURVEV" 
1230 PRINT " Survey area <10 char/ max? : "; 
1290 INPUT R*
1200 PRINT "Hole desvsnati^on <7 char., max > : ":  
1219 INPUT US
1229 PRINT " Data date <12 char,max) : "; 
1220 INPUT DS 
1240 DELETE Jl 
1250 J1-T1/S1+1 
1260 J2-T2/S1+1
1270 PRINT "_INPUT 1-WflV TIMES RND RMS VELOCITIES" 
1230 PRINT "No of observations = "; 
1299 INPUT Nl
1400 DIM J0<:N1+1>, T0<N1>> y0CNl+i;- 
1410 J9-0 
1429 V9=9
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141-13 PRINT "OBSERV NO 1-WflV TIME RMS VEL"
1449 FOR J«l TO Nl
1430 IF J<11 THEN 1539
1469 QOSUB 629
1479 PRINT "OBSERV NO 1-WflY TIME RMS "VEL"
1489 FOR J*ll TO Nl
1499 IF J<41 THEN 1529
1590 QOSUB 620
1510 PRINT "OBSERV NO 1-WflV TIME RMS VEL"
1529 FOR J»41 TO Nl
1529 PRINT " "; Ji "
1540 INPUT T0<J>
1559 J9<J>»INT<:2*T0<JVSl+0. 5)
1569 PRINT "K_ ";
1579 INPUT V0<-J>
15S0 NEXT J
1590 IF T2<T0<N1> THEN 1690
1600 PRINT "_DO VOU WflNT TO ESTlMflTE RMS VEL flT LfiST TIME ON- RECORD?";
1610 PRINT " <V OR N) ";
1620 INPUT G*
1620 IF G$»"N" THEN 1630
1640 PRINT "Estimated rms vel at 1-way time of "; T2/2; " * ";
1630 INPUT
1660
1^79 QQ TQ
1630
1690 REM ** DETERMINE RMS VELOCITY FUNCTION
1700 L»l
1719 IF ,T0<1XJ1 THEN 1760
1720 N3*J0<1>-J1 
1729 FOR L»l TO N2
1749 V<L>«V0<1>
1750 NEXT L
1760 L-L-1
1779 FOR K=l TO Nl
1730 N2*.T0<K+i:>-J9<K:>
1790 FOR J=l TO N2
1390 L=L+£
1319 S«<V0<K+1>-V0<K>VN2
1320
1829 NEXT J
1349 NEXT K
1S59 V<L+1>
1369 RETURN
1379 REM ** SUB: COMPUTE VELOCITIES FROM SET OF XT2-TT2 flNflLVSES
1S30 PRINT "_ENTER INFORMATION flND DflTfl FROM XT2-TT2 flNRLVSES"
1399 PRINT " Surv«y area <10 char> max) : ";
1999 INPUT fl*
1910 PRINT "SP designation <7 char,max> : ";
1920 INPUT U*
1920 PRINT " Data date <12 char, max) : ";
1949 INPUT D*
1959 PRINT "_ Number of XT2-TT2 analyses   ";
1969 INPUT Nl
1979- Nl=2-»-Nl
1989 DIM T2<N1>...V2<N1)
1990 PRINT "_COINCIDENT-RfiV TIME XT2-TT2 VEL"
2909 FOR J»2 TO Nl-1
2910 PRINT " ";
2020 INPUT T2CJ)
2020 PRINT "K_
2949 INPUT V2CJ>
2939" NEXT J
2969 REM ** LINEAR INTERPOLf=ITION OF INTERMEDIflTE RMS VflLUES
2979 PRINT "_Est. rms vel at start ttme of "  Tl; " * ".;
2989 INPUT V3<1>



2109 PRINT " Est. rrns vel at end time of "; T2;
2110 INPUT V3<N1)
2120 V<N>-
2138 T2-.'.1J'
2140 T3<N1
2158 FOR J=2 TO.N-1
2160 FOR K=l TO Nl-1
2178 IF TCJ)->T3<K> RND T<JX=T3<K>1> THEN 2200
2180 NEXT K
2190 GO TO 2228
2208 C-<V3<K+1>-V3<IO:>/<:T3 . -1>-T3<K»
2218 V<J>"C*<T<J>-T3<IO:>+V3<IO
2228 NEXT J
2228 RETURN
2240 REM ** SUB: STORE RMS VELOCITY FUNCTION
2238 PRINT "G_G_G__INSERT MDT IN 4924 FILE NO -
2268 INPUT F8
2270 GOSUB 3280
2238 F1=28*N+180
2290 PRINT "__LENGTH OF FILE REQUIRED = "; Fl
2280 PRINT "_IS FILE OF SUFFICIENT LENGTH? <V OR N>
2210 INPUT GS
2228 IF G*»"Y" THEN 2290
2220 PRINT "G_G_G__INSERT MDT IN 4051"
2240 GOSUB 2280
2250 FIND F8
2260 MRRK 1, Fl
2278 PRINT "G_G_G__RE-INSERT MDT IN 4924"
2238 GOSUB 2238
2290 FIND '?2:F8
2489 WRITE 132: N, RS, DS, US, VS, T, V
2418 PRINT i?2, 2:
2428 REM ** CHECK '3N REflDRBILITV OF STORED DflTfl
2420 DELETE H, RS, DS, US, VS, T, V
2448 FIND i?2:F8
2458 REflD 92:N
2468 DIM T<N>/V<N>
247Q READ i?2 : RS, DS, US, VS, T, V
2488 PRINT "_DflTR STORED RND RERDRBLE IN FILE "; F0
2498 RETURN
2588 REM ** SUB: PLOT VELOCITY FUNCTION
2518 DIM RS<14>, TSC17)
2520 RS-"RMS VELOCITY"
2538 TS-"REFLECTION TIME"
2548 RESTORE 2558
2558 DflTfl 1, 18, 123, 18, 90, 1. 31, 2. 36
2568 RERD 80, 81, B2, Cl, C2, K2, K4
2570 82=82-61
2330 C3=C2-C1
2590 PRINT "SET PLOT LIMITS"
2680 CRLL "MIN", V, Rl, II
2610 CRLL "MRX", V, R2, 12
2620 IMRGE " Minimum rms velocity = ", D. 2D
2620 PRINT USING 2620:Rl
2648 IMRGE " Maximum rms velocity = ", D. 2D
2638 PRINT USING 2640:R2
2668 PRINT " Min Plot rms velocity, » ";
2678 INPUT R2
2638 PRINT " Max Plot rms velocity = ";
2690 INPUT R4
2788 PRINT " rms v*l tick mark int. = ";
2718 INPUT R5
2728 R6=<:R4-R2>/R5
2728 R7=C2,-'R6
2748 PRINT "_Minimum reflection time = "; Tl
2750 PRINT "Maximum reflection time = ": T2
2760 PRINT "Ret" I time   tick mark tnt. = ".;
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2770 INPUT T5
2730 T6='::T2-Ti::-/T5
2730 T7-83/T6
2800 REM ** PLOT BORDERS flND LflBELS
2310 PRINT "L-RMS VELOCITY FUNCTION USING ";V*; " DflTfl CQMP: ";B*
2S20 GO TO Q OF 2830, 2850, 2380
2320 PRINT fl*.s " "; DS> " ".si*; 11 msec NO OF VflLUES » "; N
2340 QO TO 2900
2850 PRINT "flREfl: "; fl*; " HOLE: "i USi " DflTfl DflTE: "; D*; " SI»"; SI;
2360 PRINT " PTS-"; N
2870 QO TO 2900
2330 PRINT "flREfl: ' ; fl$; " SP: "; USi " ' DflTfl DflTE: "; D*; " SI-'S Slv "
2390 PRINT " PTS-";N
2900 MOVE 81, C2
2910 RDRflW 82, 0
2920 RDRflW -0, -C3
2920 RDRflW -B3/ 0
2940 RDRflW 0, C3
2950 MOVE 0, <:C1+C2V2-H<4*<0. 5*LEN<R*>-15
2960. FOR J-± TO LEN<R*>
2970 L*«SEQ<RS, J, 15
2980 PRINT L*
2990 NEXT J
2000 MOVE 0. 5*<B1+B2-K3*LEN<T*;», Ci-2*K4
2010 PRINT T*
2020 REM ** PLOT flND LflBEL TICKMflRKS
2020 MOVE B1-2*K2, Cl
1040 I URGE D..D
2050 PRINT USING 3040:R3
2060 MOVE Blv Cl
>370 FOR J-l TO R6
2080 RMOVE 9, R7
2090 RDRflW B0> 0
21Q0 RMOVE 82-2*80, 0
2110 RDRflW 80, 0
2120 RMOVE -83, 0
2129 RMOVE -2*K2, -0. 5*K4
2140 PRINT USING 2040:R2+J*R5
2150 RMOVE 3*K3, 9. 5*K4
2160 NEXT J
2170 MOVE 81, Cl
2130 IMflGE 4D
2190 RMOVE -2. 2*K3, -K4
2200 PRINT USING 3130:Tl
2210 MOVE Bl, Cl
2220 FOR J»l TO TS
2220'RMOVE T7, 0
2240 RDRflW 0, 80.
2250 RMOVE 0,C2-2*B0
2260 RDRflW Q, 80
2270 RMOVE 0, -C3
2280 RMOVE -2. 2*K3, -K4
2290 PRINT USING 3130:Tl*J*T5
2200 RMOVE 2. 2*K2, K4
2210 NEXT -J
2220 REM ** PLOT VELOCITY FUNCTION
2220 VIEWPORT 81, 82, Cl, C2
2240 WINDOW 1, N, R3, R4
2250 CflLL "DISP'S V
2260 GOSUB 633
2370 RETURN
2230 REM  * * SUB: REflDV TO PROCEED?
2390 PRINT "_flRE VOU REflDV. TO PROCEED? tV OR N> ";
2409 INPUT G*
2413 IF G*»"N" THEN 2290
2420 RETURN
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PROGRAM LISTING FOR CONSTANT-VELOCITY NORMAL MOVEOUT CORRECTION

100 PRINT "L-CONSTRNT VELOCITV NMO CORRECTION OF 12-TRfiCE RECORD"
119 INIT
120 DIM CS<3>, GS<1>, H*<1±>, J*<18>, L*<2>, M*<17>, N*<7>, 0*<7)
120 DIM SS<1>,-V«33>,X1<12;>
140 Ql»l ,   '
130 MS*"NO MUTE RPPLIED"
160 PRINT "G_G_G  INSERT NMO MDT IN 4031 FIND OBS-DflTfl MDT IN 4924"
170 PRINT " Name of NMO MDT » ";
189 INPUT N*
190 PRINT "Rec# on NMO MDT » a j
200 INPUT R5
210 FQ»R5*12-10
220 PRINT "Name of OBS MDT .» ";
220 INPUT 0*
240 PRINT "R*c# on OBS MDT » ";
230 INPUT Rl
260 Fl««l*12-18
270 PRINT "_DO VOU WRNT TO RPPLV MUTE? <V OR N> ";
230 INPUT G$
290 IF G*»"N M THEN 320
2QS DIM J8<12>
110 Ql*2
220 REM ** ESTRBLISH SI* DELflV, FIND VEL
220 GOSUB 500
240 REM ** ENTER SPREflD DflTfl RND MUTE-STRRT TIMES
259 GOSUB 1710
260 IF Ql-1 THEN 290
270 PRINT " Cos-tap*r time « ";
280 INPUT Cl
290 REM +* ESTRBLISH NMO. TIME RflNGE
480 GOSUB 650 '
410 REM ** TEST DRTfi LIMITS
420 GOSUB 770
423 REM ** SET COS TRPER A COMPUTE MUTE COEFFICIENTS
440 IF $1=1 THEN 460
450 GOSUB 900
460 REM ** COMPUTE. RPPLY, RND STORE'NMO TRRCE-BV-TRRCE
470 GOSUB 1000
480 PRINT "G_G_a.PROGRRM COMPLETED"
490 END
500 REM ** SUB: ESTRBLISH S. I., DELflV TIME, RND VELOCITV
510 PRINT "... OBS MDT S. I. = ">
520 INPUT SI
520 PRINT " NMO MDT S. I. » ";
540 INPUT 52
550 S2sS2/Sl
560 PRINT "OBS MDT' del as* » ";
570 INPUT L
530 .J7-L/S1+1
590 PRINT " Constant v*l » ";
600 INPUT V   
619 C*»STR<V>
620 V*»"COHSTRNT VELOCITV - "4C*
620 V*»V*A" km/sec"
640 RETURN
650 REM ** SUB: NMO TIME RflNGE
660 PRINT "_FOR NMO-CORRECTED RECORD:"
670 PRINT "Start NMO ttm* = ";
630 INPUT T2
690 J2=T2/S1+1
790 PRINT " End NMO tun* « ";
710 INPUT T2
720 J2=T2/S1*1
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7IJ8 N2-J3-J2+1 
749 N3«< N2-l> /S3+1 
730 N4»3*N3- 
750 RETURN
779 REM ** SUB: TEST DflTfl LIMITS
780 CflLL "MIN", XI* X4, 14
790 CflLL "MflX", XI* X3> 12
300 T4»SQR<X4/V*X4^V+T2*T2>
810 IF T4»>L THEN 340
320 .PRINT "G_G_G_ERROR: INITIflL COINCIDENT RflV .TIME TOO SMflLL'
330 GO TO 670
340 J4»INT<0. 3+<T4-L>/Sl>+l
330 T4»<J4-1>*S1
360 T5»SQR<X2/V*X3/V+T2*T3>
370 J3-INTO. 5+<T3-L,VSl}+l
380 T3-<J3-1>*S1
390 RETURN
900 REM ** SUB: SET COS TflPER
910 CS-STRCCi;-
920 M*-C**" msec costn«"
338 C1-INTCC1/S1*0. 5X

930 C2=PI/C1
960 FOR N»l TO Cl
970 KSKN>»0. 3-0. 5
980 NEXT N
990 RETURN
1000 REM ** SUB : COMPUTE, RPPLV, flND STORE TRflCE-BV-TRflCE
1010 FOR J»l TO' 12
1820 DELETE DS, 0
1030 J9-1001 MflX J3
1040 DIM D*<3003>*0<J9>
1050 IF ,O1 THEN 1090
1060 FIND 92:F1
1070 REBD i?2 : H*> D*
1080 GO TO 1110
1090 FIND i?2:Fl+J-l
1100 REflD "?2:D*
1110 0-511
1120 CRLL "HEXDEC", D*; 0, LEN<D*>, 2
1120 DELETE D*
1140 0-0-511
1150 IF Ql-1 THEN 1240
1160 FOR K=l TO J8<J>
1170 0<K>»0
1130 NEXT K

1200 FOR N»K TO K+C1-1
1210 P-P+1
1220 0<N>-K9<:P>*0<N>
1220 NEXT N
1240 GOSUB 1290
1230 GOSUB 1460
1260 GOSUB 1360
1270 NEXT J
1230 RETURN
1290 REM ** SUB: COMPUTE NMO TIMES flS INDICES
1200 DIM T<N3>
121Q J6--J2-S2
1220 T6»T2-S2
1220 FOR 1-1 TO N3
1240 J6-J6*S3
1Z50 T6-T6+S2
1160 T-. i:-=T6
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1279 NEXT I
1239 DIM PKN3>
1236 FOR K=l' TO N2
140& M<K> =SQR<T<K?*T<K>+X1 <J "> /V*X1 <J>/V > -T< K>
1418 fKfO = INT<0. S+MOO/Sl)
1420 NEXT K
1420 M*M-J7
1440 DELETE T
1450 RETURN
1460 REM ** SUB: MfiKE NMO CORRECTIONS
1470 DIM D<N2?
1480 D*8
1490 J6*.J2-S3
1500 FOR 1=1 TO N3
1510
1520
1520 NEXT I
1540 DELETE M, 0
1550 RETURN
1560 REM ** SUB: STORE NMO-CORRECTED DflTfl.
1578 DELETE D*
1580 DIM D*<N4>
1590 D*«" "
16Q0 D»D+511
1619 CflLL "DECHEX", D*. D, N3* 1.
1620 DELETE D
1620 IF J>1 THEN 1670
1640 FIND F0
1650 WRITE H*, M*, N*, 0*, V*, N2..R1, S2, T2, T2, DS
1660 GO TO 1690
1670 FIND F0+J-1
1630 WRITE DS
1690 CLOSE
1700 RETURN
1710 REM ** SUB: ENTER SPREflD DRTfl & MUTE STflRT TIME
1720 PRINT "_SPREflD TVPES"
1728 PRINT " 1. Sin9te-«nd*d w%th *9uatta spaced detectors"
1740 PRINT " 2. Split with equally spaced detectors"
1750 PRINT " 3. Spread with unequally spaced detectors"
1760 PRINT "ENTER SELECTION FROM RBOVE LIST; NUMBER » ";
1770 INPUT N0
17S0 GO TO N8 OF 1790,1818, 1828
1790 GOSUB 1850
1309 GO TO 1840
1310 GOSUB 2880
1320 GO TO 1340
1820 GOSUB 2490
1340 RETURN
1350 REM ** SUB: SINGLE-ENDED SPREflD WITH EQUflLLV SPflCED DETECTORS
1860 PRINT "_FOR THE SINGLE-ENDED SPREflD WITH EQUflLLV SPflCED DETECTORS
1878 PRINT " Trace 1 offset = ";
1330 INPUT X1<1>
1390 IF Ql«± THEN 1920
1900 PRINT "Tr. 1 mute start = "j
1910 INPUT T3
1920 PRINT " Trace 12 offset » ";
1920 I>JPUT Xl<12>
1948 IF Ql»l THEN 1970
1950 PRINT "Tr. 12 mute start = ";
196Q INPUT T9
1970 X2«<X1<12>-X1<1>>/ll
1938 IF Ql«l THEN 2040
1998 T7a<:T9-T8.V'll
2080 FOR K=l TO 12
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T9=<K-1>*T7+TS*L 
2020 J8<K>-1NT<T8/S1*1. 55 
2030 NEXT K ' '. . 
2040 FOR J-2 TO 11 
2050 X1<J>-XKJ-1>+X2 
2060 NEXT J '  
2070 RETURN
2080 REM ** SUB: SPLIT SPREflO WITH EQUflLLV SPflCED DETECTORS 
2098 PRINT "_.FOR THE SPLIT SPREflD WITH EQUflLLV SPflCED DETECTORS 
210© PRINT " Trace 1 offset - ";. 
2110 INPUT X1<1> 
2120 IF Ql-± THEN 2150 
2130 PRINT "Tr. 1 mute start « "; 
2140 INPUT TS
2150 PRINT " Trace 6 offset « "; 
2160 INPUT XK60 
2170 IF Ql-i THEN 2250 
2180 PRINT "Tr..6 mute start » "; 
2190 INPUT T9 
2200 T7=<T9-TS:V5 
2210 FOR K=l TO 6 
£22© T0s<K-l>*T7*TSH=L 
2230 J8<*O»INT<T0/S1+1. 5> 
2240 NEXT K
2250 X2»<XK6>-XKl»/5 
2260 FOR J»2 TO 5 
2270 XKJ>-XKJ-1>+X2 
22S0 NEXT J
2230 PRINT " Trace 7 offset « "; 
2300 INPUT Xl<7> 
2310 IF Ql»l THEN 2348 
2320 PRINT "Tr. 7 mute start =* "; 
2330 INPUT T3
234Q PRINT "Trace 13 offset = "; 
2350 INPUT Xl<12> 
2360 IF Ql=l THEN '^2440 
2370 PRINT "Tr. 12'mute start= " : ' 
23SO INPUT T9 
2390 T7=<:T9-T3>/5 
2400 FOR K=7 TO 12 
2410 
2420
2430 NEXT K
2440 X3=<:XK12>-Xl<7»/5 
2450 FOR J»8 TO 11 
2460 X1CJ>»X1<J-1>+X3 
2470 NEXT J 
24S0 RETURN
2490 REM ** SUB: SPREflD WITH UNEQUflLLV SPflCED DETECTORS 
2500 PRINT "FOR THE SPREflD WITH UNEQURLLV SPflCED DETECTORS: 
2510 IF Ql=l THEN 2540
2520 PRINT "TRflCE NO. OFFSET MUTE STflRT TIME" 
2530 GO TO 2550
2540 PRINT "TRflCE NO. OFFSET" 
2550 FOR J=l TO 12 
2560 PRINT " "; J; "; 
2570 INPUT XKJ> 
2530 IF Ql=l THEN 2628
2590 PRINT "K_ "; 
2600 INPUT T0 
2610 J8<J>-INK TO/SI*!. 5> 
£623 NEXT J 
2630 RETURN
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PROGRAM LISTING FOR VELOCITY-FUNCTION NORMAL MOVEOUT CORRECTION

100 'PRINT "L-VELOC I TV-FUNCTION NMO CORRECTION OF 12-TRflCE RECORD"
110 I NIT
129 DIM fl*<17>, C*<3>, D*<19>, G*<i;', H*<11.X J
120 DIM 0*<!7>, S*<1X U*<:9>, V*<25>, XK12X
14$ REM =** INPUT VEL FUNCTION DRTR
150 GOSUB 1739

170 MS* "NO MUTE RPPLIED" '
180 PRINT "G.G.G __ INSERT NMO MDT IN 4051 RND QBS-DflTfl MDT IN 4924"
190 PRINT "Name of NMO MDT » ";
200 INPUT NS
210 PRINT "Rec* on NMO MDT = ";
220 INPUT R5
220 F0»R3*12-10
240 PRINT "Name of 08S MDT » ";
250 INPUT OS
260 PRINT "Rec# on 08S MDT = ";
270 INPUT Rl
280 F1*R1*12-10
290 PRINT "DO VOU WRNT TO flPPLV MUTE? <Y OR N) ";
200 INPUT GS ...
210 IF G$»"N" THEN 240
220 DIM J8<12>
220 Ql»2
240 REM ** ENTER OBS DflTR SI RND- DELflV
250 '30SUB 520
360 REM ** ENTER 5PREBD DfiTR RND ftUTE-STRRT TIMES
270 GOSUB I860
280 IF Ql»l THEN 410
230 PRINT " Cos- Cap *r time » ";
400. INPUT Cl
410 REM ** ESTRBLISH NMO TIME RRNGE
420 GOSUB 600
420 REM ** TEST DflTR LIMITS
440 GOSUB 790
450 REM ** SET COS' TRPER & COMPUTE MUTE COEFF
460 IF Ql=l THEN 480
47@ GOSUB 920
480 REM ** COMPUTE; RPPLY, RND STORE
490 GOSUB 1020
500 PRINT "G.G_G-PROGRRM COMPLETED"
519 END
520 REM ** SUB: ENTER OBS DRTR S. I. RND DELRV TIME 
520 PRINT ".. . OBS MDT S. I. = "; 
540 INPUT SI 
550 S2=S2/S1
560 PRINT " OBS MDT del as* » "; 
570 INPUT L 
580 J7*L,'S1+1 
590 RETURN
600 REM ** SUB: NMO TIME RRNGE 
610 PRINT ".-FOR NMO-CORRECTED RECORD:" 
620 PRINT "Start NMO time » "; 
620 INPUT T2
,640 IF T2=>TC1> THEN 670
650 PRINT "G»G_G_ERROR! NMO STRRT. TIME < FIRST TIME OF VEL FUNCTION" 
660 GO TO 620 
675 .T2=T2/S1+1
680 PRINT " End NMO time » "; 
690 INPUT T2
70© IF T3<-T<:N> THEN 720
710 PRINT "G-G_G-ERROR! % NMO END TIME > LRST TIME OF VEL FUNCTION" 
720 GO TO 680 
720 J2-T2/S1+.1 
740 N2-J2-J2+1 
750 N2=(.N
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7Q REM ** REORDER VELOCITY FUNCTION
30 GOSUB 279Q
99 REM ** SUB: TEST DflTfl LIMITS



310
828
328
349
359
360
370
388
330
300
910
920

CflLL "MIN", XI, X4, 14 
CfiLL "MflX".- XI, X2, 12

IF T4»>L THEN 360
PRINT "G-G_G_ERROR: INITIflL COINCIDENT RflV TIME TOO SMflLL"
GO TO 528
J4»INT<0. 3+<T4-L:>/Sl>+l
T4-<J4-1>*S1
T5=SQR < X2/ V < N > * X3X V < N > *T3*T3 >
J3*INT<0. 5-KT3-L-VSD+1
T3»<J3-1>*S1
RETURN
REM ** SUB: SET* COS TflPER

940 M*»C*8t" msac costne"
350 Cl=INT<C^Sl-»-0. 3>
960 DIM K9<:Ci:>
970 C2-PI/C1
968 FOR N»l TO Cl
390 K9<N>»0. 3-0.-3*COS<C2*N>
1800 NEXT N
1010 RETURN
1820 REM ** SUB : COMPUTE^ flPPLV, flND STORE
1028 FOR J=l TO 12
1048 DELETE D*', 0
1850 J9»1001 MflX J3
I860 DIM D*<2805>/0<J9>
1078 IF JM THEN 1110
1080 FIND i?2:Fl
1898 REflD 92 : H*, D*
1108 GO TO 1120
1118 FIND 92:F1+J-1
1128 REflD ^rD*
1128 0=511
1148 CflLL "HEXDEC'S D*, 0, LEN<DS)/ 3
1158 DELETE DS
1168 0-O-511
1178 IF Ql=l THEN 1260
1130 FOR K=l TO J8<J>
1138 0<K>»8
1208 NEXT K
1218 P=0
1228 FOR N*K TO K*C1-1
1228 P-P+1
1248 OCN>»K9<R>*0<N>
1258 NEXT N-
1268 GOSUB 1210
1270 GOSUB. 1480
1230 GOSUB 1580
1230 NEXT J
1200 RETURN
1210 REM ** SUB: COMPUTE NMO TIMES flS INDICES
1228 DIM T<N3>
1228 J6-JZ--S3

1258
1268
1278
1238
1230
1400

1418
1420
1420
1440
1450.
1468
1478
1438
1498

FOR 1=1 TO N3
J6*,T6+S2
T6*T6+S2
T<I>=T6
NEXT I
DIM M<N2>
FOR K=l TO N2.
M (. K ) =SQR < T < K '> *T < K ) -»-Xl <J)/V<K^ :*X1
M<K:' = INT'C8. 3-«-M<K>/Sl)
NEXT K
M=*n.-J7
DELETE T
RETURN
REM ** SUB: MflKE NMO CORRECTIONS
DIM D<N2>
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1500
1519 J6-J2-S3
1520 FOR 1=1 TO N3 
1538 J6»J6+S3 
1548 D<I>»0<J6+M<I» 
1550- NEXT I 
1569 DELETE M> 0
1579 RETURN
1580 REM ** SUB: STORE NMO-CORRECTED DflTfl
1590 DELETE D*
16S0 DIM 0«N4>
1610 D*»" "
1620 D=D+511
1630 CflLL "DECHEX'SD*, D, N3*3
1640 DELETE D-
1650 IF JM THEN 1690 .
1660 FIND F0
1679 WRITE H*, M*, N*, 0*> V*, N3, R±, S2, T2, T3, D*
1680 GO TO 1710
1690 FIND F0+J-1
1700 WRITE D*
1710 CLOSE
1720 RETURN
1730 PRINT "G.G.G __ INSERT VEL-FUNCTION MDT IN 4924".:
1740 PRINT " "FILE NO - ";
1753 INPUT F2
1760 FIND i?2:F2
1770 REflD i?2:N
1730 DIM T<t-O, V1<N>
1790 REflD U2:fl*/D«* U*, V*, T, VI
1300 PRINT " _ VELOCITY FUNCTION USING »; V*
1310 PRINT fl*i " "; U*> " ' ; D*
1820 S2»<T'.:N>-T<±>.V<N-i:'
1330 PRINT "FUNCTION BEGINS RT T»"; T<1>; " flND ENDS flT "j T<N>; "
1840 PRINT "WITH fl SI»"; S2
1350 RETURN
I860 REM ** SUB: SPREfiD DRTfl 4 MUTE STflRT TIME
1S7Q PRINT " _ SPREflD TYPES"
1880 PRINT " 1. Sinsle-ended, equally s.Pac*d detectors"
1890 PRINT " 2. SPtit, e^ual-U spaced detectors"
1900 PRINT " 3. SPread with unequal I'j spaced detectors"
1916 PRINT "ENTER SELECTION FROM RBOVE 1.IST; NUMBER * ll ;
192Q INPUT N0
1930 GO TO N0 OF 1940, I960, 1980
1940 GOSUB. 2000
195Q QO TO 1990
I960 GOSUB 2230
1970 GO TO 1990
1980 QOSUB 2640
1990 RETURN
2000 REM ** SUB: SINGLE-ENDED SPREflD
2010 PRINT " FOR THE SINGLE-ENDED SPREflD:"
2020 PRINT " Trace 1 offset » "; 
2030 INPUT X1<1>
2049 IF Ql=l THEN 2070
2850 PRINT "Tr. 1 mute start «  ";
2069 INPUT T3
2070 PRINT " Trace 12 offset = ";
2080 INPUT X1C12>
2090 IF Ql-1 THEN 2120
2100 PRINT "Tr. 12 mute start » ".:
2119 INPUT T9
2120 X2» < XI < 12 > -Xl< 1 J > 
2130 IF Ql»l THEN 2190 
2140 T7»<.T9-T8>/11 
2150 FOR K-l TO 12 
2160

2180 NEXT K
2190 FOR J-2 TO 11
229© ^il < J ::  =X1  :: J-± .' -»-X2
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2210 NEXT J 
222© RETURN
2230 REM ** SUB: SPLIT SPREfiD 
224Q PRINT "_FOR THE SPLIT SPREflD:" 
2238 PRINT " Trace 1 offset   ";. 
2260 INPUT X1<1> 
2279 IF Ql-1 THEN 2209 
2230 PRINT "Tr. 1 mute start - "; 
2239 INPUT T8
2200 PRINT " Trace 6 offset .» "; 
2210 INPUT Xl<6> 
2220 IF Ql-1 THEN 2400 
2220 PRINT "Tr. 6 mute start » "; 
2240 INPUT T9 
2230 T7-<T9-T8>/3 
2260 FOR K-l TO 6 
2270 T0*<K~1/*T7+.T8+L 
2230 J8<K>-INTCT0/S1-M. 3> 
2230 NEXT K
2400 X2-<Xl<6>-Xl<1>>/3 
2410 FOR J-2 TO 3 
2420 XKJ>-XKJ-1>+X2 
2420 NEXT J
2440 PRINT " Trace 7 offset * "; 
2430 INPUT Xl<7> 
2460 IF Ql-1 THEN 2490 
2470 PRINT "Tr. 7 mute start - "; 
2480 INPUT T3
2490 PRINT "Trac* 12 offset » "; 
2500 INPUT XK125 
2310 IF Ql-1 THEN 2390 
2520 PRINT "Tr. 12 mute start- ".: 
2520 INPUT T9 
2540 T7=<T9-T3>/3 
2550 FOR K*7 TO 12 
2560 T0»«::K-7>*T7+T3+L 
2570 J8<IO-INT<T0/'SH'l. 5) 
2530 NEXT K
2590 X3-<XI<12 >-XI< 7 »/3 
2600 FOR ,T=3 TO 11 
2610 XKJ>-XKJ-1>*X3 
2620 NEXT J 
2620 RETURN
2640 REM ** SUB-: UNEQUflLLV SPflCED SPREflD 
2630 PRINT "FOR THE UNEQUflLLV SPflCED SPREflD:" 
2660 IF Ql-1 THEN 2690
2670 PRINT "TRflCE NO. OFFSET MUTE STflRT TIME" 
2630 GO TO 2700
2690 PRINT "TRflCE NO. OFFSET" 
2700 FOR J-l TO 12 
2710 PRINT " "; Ji " "; 
2720 INPUT Xlc:j> 
2720 IF Ql-1 THEN 2770 
2740 PRINT "K_ 
2730 INPUT T0 
2760 J8<J>-INT<TO/S1+1. 55 
2770 NEXT J 
2730 RETURN
2790 REM ** SUB: REORDER VEL FUNCTION 
2300 DIM VCN3) 
2310 IF T2»TC1) THEN 2380 

' 2820 K= < T2-T <1» /S2 
2820 FOR J-l TO N3 
2340 K-K+1 
2350 V<J>-VKK) 
2360 NEXT J 
2370 GO TO 2390 
2830 V-V1 
2890 DELETE VI 
2900 RETURN
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